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TO PORPOISINGAND SKIPPING .
-.

By JamesM. Benson

SUMMARY
.’

The various-typesof hydrodynamicinstability- in-
cludingporpoising,skipping,ana,~awing- thatmay be
encounteredduringtake-offor landing-ofa flyingboat
are describedand the pilotingtechniquerequire”dfor
efficienttake-offsand landingsis disotigsed.Sugges-
tionsare made for assistinga pilot to becomefamiliar

#.-. with the take-offand landingequalitiesof a flyingboat
that is new to him.

~1 . ..-.
INTRODUCTION “

/ The possibilitythatporpoising,skipping,or yawing
will occurduringtake-offor landingof flyingbo&ts
presentsa.greathazardb- their”operation.“Recent
trendsin the.designof “flyingboats appearto have in-
creasedthe probabilitythat thepilotwill inadvertently
encounterone or more of thesetypesof instability. It
is very important,therefore,for the pilot to be suffi-
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. cientlyfamiliarwith the t~es of instabilityto recbgnize .-
the approachof danger,duringtake-offsand landln@.
Abilityto distinguish@morig.the varioustypesof insta-
bilityis thereforeessentialif the pilot isto etiPloy-

+-

the t;chniquere.quire’deither,to”avoi~the instabil~ty-
or to recoversafely,.af%erthe testabilityis encountered. ..

. .
The purp?seof “thepreseritpaper is to describethe ““’”-

types of instabilitythatmay be encountered”in.the opera- -
tionon calmwaterof flyin”gboatsof currentdesignand .-:
to emphasizesomeof the..precautionsthatmay be”takenby
thepilot in orderto minimizethe timeand distancere-
quiredfor take-offand to avoidmuch of the danger
resulthg from.,.:n:tability.The,operationof flying ..... .
boats in rough,waterpresentsadditionalproblemsnot

..
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““w
discussedherein. The informationcontainedin this
reportis.of’a very general.typeand was collectedfrom
a numberof publishedpapers,whichare givenin a bibli- -.
ography. More detaileddiscussionsof the variousSUb-
jectscoveredhereinmay be found in thepaperslistedin ..
thebibliography.

—.

TYPESOF 1NSTABILIT% .,

Porpoisingof flyingboatsor floatseaplanesis an
osci.lla.tionin trimand in draftand may occurduring
eithertake-offor landingat any-spee”dfrom thehump
speedto the get-away,speed. Two distincttypesof por-
poisingare recognizedAS possiblewith all‘conventional
designs,,of hullsand floats. The two types’are desig-
natedlow-angleporp~ising,whichoccuirs“at‘relatively
low trim,and high-angleporpoising,which’occurs.at
relativelyhi~h trim. in low-angleporpoisingthe cr~ft.
rideson the planingareaforwa~dof’the step,and that
part of the planingbottomai?5ufthe step is ordinarily
out of the water. In high-angleporpoisingpartsof’the”
planingbottombothfcn?wardand aft of the,mainstepare
in thewater. The two typesare illustratedin figure1.

Skippi@,”which,ref,ebsto & ,fiype-ofinst”a”b-illtyin
whichtheai.rplane.rn.ornentaril~le~psout of’the water,”.
may.oc@r durin..’e$thbrtake-off-or”landing;. Undercertain
conditionshigh-wglp porpoising”:may,appear(fig.l(b)) .
and increasein;violeticewith lncrea.~ein speeduntil
skippi’ngoccms”(flgo2)0 “ ..:.

,, .’
.Yawin”ginstability,:as u“~e’d”lnthe”~res-entdiscu~aion,

18.a tendencyrO~the tii~plane”tostierve”.fromastraight .
courseon the water..‘Thistendency’”i’slikelyto occur
nearthe hump:spe.edatidat “spee’ds”:n8arget-away.‘The
.swer.ving,a.t,speed’snS.Qr’g8’t-Awtiy,which’nayrese’mble.‘a.
groundloop”,is‘generally:associa’’ti6dwith.unusuallylow
angles,of.t,r,imandmay alsobe associatedwith low-angle,..,.,.. ,,.po~poising, . “’ 7’ . .......,, i

.,.
,,, . .‘;,.. .. ,114POR~ANCE,0F,TEIM -“:’ ‘: “..r . .

..,, 1 .“. ..:: . ..--.”. . ..’ :* . .
.:. . . . . . . . ..,. .-, -

.- ,- . . . . ,.

T;immay .bed8ff~edas the,~fic~inQtion,ofthe.keel
of the f’orebody”a”tthe step or.“aA”tfie”inclina”tl.onofany
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v
other”arbitrarybase lineof the hull. The forcesacting
on thebottomof a hull are arre~ted@ the trim in a
manneranalogous-tothat in which theforcesactingon
the.~ingare affectedby the angleOr attackof the WfV_gO”.
Trim is one of the.mostimportantvariablesthatmust be
used.in describingthe characteristicsof “aflyingboat,-
ATI f’in=+. =enn~ian,e. At any givenspeedand load thereis

~.the trim-at will resultin the least
test accelerationwith theP _ower

v. . +. w . ----------

one best valueo:----
resistanceand the greai
available..-Thereis generallya,limitedranged trim
anglesfQr whichno POPPQ&s
hfmhlvdesiri
m ------.
to he er
t~ a e-off,then,requiresthat the tri;be –
held withinthe.sta,blerangeend as near the ~!best[*.trim
as is.possiblewith the
pilot..: ..

. .

.
. . .

.,

,,. At.any speedabove

—

cofitrolnormhllyavailableto the
-,

DISCUSSION .

Porpoising >..-.

the hump speedand belowget-away
there”is, in general,a rangeof tr+mq.fop..whic.h.mp..~~~-
poisingwill.occur~ Withinthis stabletr=geagg motions
resultingfroma transientdisturbance,-whichmightbe
causedby hittinga singlewave,willbe dampedout quickly=
This stablerangeis boundedby well-def?inedlimiti’ng -
valuesof the trim. The flyingboat will”notr= steadily
at trimseitherbelowthe lowerlimitor abovethe upper
limit,.

.
Figure3 showsthe variationof thesetrim limits

with speed. The graphrepresentsno specificairplane
but:showqresultstypicalof thoseobtainedfrom testsof
modelsand full-sizeflyingboats currentlyusedby the
U. S. Navy. Figure3 may convenientlybe interpretedby
assumingthatthe airplaneis runningat someconstant
speed..-for.ex~ple, 50 ,Jznots- and that-theelev-ators
are at.’theneutralposition. The flyingboat wouldthen
have a trim”of~.~”,whichis wit-binthestablerange,
and no.porpoisingwouldoccur. At the speed of 50 knots
the lowertr~m limitis shown.tobe..4.5° and, if the
pilotwere to move the controlcolumnforwardvery grgidu- ‘“”
ally,no porpoisingwouldoccurqntilthe airplaney.as’

.-

trirmneddown to the lowertrim limit. If the pilotheld
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the controlcolumnfixedto give a trim slightlygreater
than .4.5°, porpoisingwouldnot occurspontaneously,but
the oscillations-resultingfrom & trwmsientdisturbance
wouldnot dampout as quicklyas if’the trimwere well
withinthe stablerange. It, then,the pilotresumed
the gradualmotionor the controlcolumnforward,low-
anglepo_rp’oisinGwouldappearspontaneouslyas the trim
crossedthe”iowerlimit. At firstthe“porpoisingwould
be rathersmallin amplitudeand not dangerousbut, if the
controlcolumnwere-graduallypushedfartherforward,the
amplitudeof the porpoisingwouldincreasemore andmor-
and the porpoisingwould.becornedangerotiswithincrease-d
departure-fromthe lower‘trimlimit.

If, again;the flyin~boat is assumedto b~ ru~ing
at a constiantspeedof 50 knotswfth 61evatorsneutraland
at a trimof’‘7.5° and the pilotgraduallypulledback on
the contro,lcolumn,thetrim wouldincreasewithoutthe
appearanceof porpoisinguntilthe.trimexceeded9.8°.
In an idealizedcaseof perfectlycalmwaterand calmair,
the trimcouldbe graduallyincreasedup to about10.7°

t and no porpoisingwouldoccurbut, at trimsabove10.7°,
dangeroushigh-angleporpoistngwould appearsponta-
neouslyand continueindefinitely.”In most actualcases
an externaldisturbance,such as a wave, would cause por-
poisingto appearat somettiinib~tjween9.8° and 10.7°.
The resulting’motionswould “~ot’-da~pout,unlessthe pilot
pushedforwardon the controlcol@mato reducethe trim
to somevaluebelow9.8°. The trfmlimitthathas a
valueof 9.8 0 in the particularcaseand speedcitedis
designate-dthe lower’branchof the upperlimitor the
upperlimitwith decreasingtrim. This termoriginated
becauseit refersto the trim”’of’the airplaneat which —
recoveryfromhigh-angleporpoisingoccu~sas the control —
columnis graduailypfishedf-awardin ordento de.c~ease
the trimfrom the unstableregionintothe stableregion.

-

The upper~osttrimlimitis designatedthe upperbranch
‘of’the upperlimitor “theupperlimitwith Increasing
trim..

The threetrimlimitsshownin figure3 are typical
of’f’lyingboatsin currentusagebut variationswill be
foundfor differentt~ypesof’hung An increasein the b“
weightcarriedby the hullmovesall threelimitsto
highertrims”andhigherspe.eds~ Aq increaseof
10,000pounds‘inthe grossweightof a“50,000-pbund +
flyingboat,for instance,wouldraisethe llmi=t.sabout.
1°. F,oragivengrossweightan Incneasein.winglift

.,

r -u



ma TechnicalNdte NO..923 5“

Y

- --
f

.suqh.as mightbe.caused.by an increasein’theflapdeflec-
t+.wwould reduce~eload carriedby the hulland wotild
therebyreducethe trim limits;likewise>a head wind’. :
wouldincreasethe.wing liftand lowerall thetrim limits. .of stability.. . ..—.:.”

,, . . -,,..
When:heavyS.eas””and”hi,ghwinds me encountere~~’the

stabilitycharac~eristicswill“be&eatly modified;‘how-
ever,generalizationsregardingthe optim~pilotiing
tec~}que underthes~conditiongar~not proposedinthe .
presentreport. :~o~e.aspects..,o~:theproblemsinvolved“
in.porpoising(andskipping]must.besubordinatedto” ~~.
thoseresultingfrom the wind and waves.”“ Experienced -
pilotsofte~find it necessaryto hold the trimveryhigh
to minimizethewettingof the propellersand pounding
of the hull and it $s sometimes”necessaryto dealwith I
largewavesindividuallyas they are enco~tered.... .. ,:.... -.:.,:--.:.!..“ .. ..,,. . ,. .-.. ,. : . -:

f$k~jpi~g”’.,y:.,..:.””’----“-,,,L.~:,~;., .>
,. ”.-..;,!.: .,”.

Tk@ most”viol~nt.typeo~.,s.kipphg.Is a.formof in-
stabilitythat involves‘lsti:c~ingl!-Qf!th& after@dy at_ “,-

“ speedsnear get-away.,, Recqnt%nvestigatfionshave“shown.
that stl,ckingis,usuqllyqssoc.iated’,v;ithinsufficieh%-~
depthof.step and ~y be ,pra~t$.eal.lyel’irrinatiedby suiit-”
able design. .Experienee.h,as,.showntha.t.;if.a fly$ng~ -.
boat,do,esexhi.bftChls violentform of’itistab”ilityj.tlie
instabilitymay occureithergntake-of’f’oti’gnlanditig
but‘~~t_J anKeQ_sp~a_g~.._tQ..9.9i~.~andin~at re~a-
tivelyhi@ trims.. Specifically,if the trim at contact
is equalto or greaterthan thatwhen the keel of the
afterbodyis horizontal(theaveragef’orcurrentdesigns
is aboyt60), thereis danger.~hat,theflyingboat may
skip o~f,tlqe,water,ofiqor more times-and:thengo into.a “
stall,ata @_ngero.uslyLow:altitude. With-a flying’boat
that.exljib,itpsti.ckhg,ofthe afterbody,theh~:a;~ due. ,
to’skippingappears*O be.grea~l
relativel~.10W,but.n~t,loyenou..—- 0 encotiter:”1ow-angle
porpoisi.n :--.6s6&-=---=‘~-

tibia-tlvely’.-
hi@ spee@s. ALfull-stalllandingmi.ght”also~reslmnabl““

“J

M@@ ‘Wthout“~@l d=’xWr$Tom skiPPin~:~ecause”the:~ “:,;
s~e.ed.,after,landlngwouldbe sufficientlylow to prevent-
subsequentflightof$ the water,althoughsomehi -anAle“-.
pofipoisingwould,bevery likelyto OCCHE.. : “‘,::.-:

,..... .. .. .- -: .,,

.AJ2%)>22L$?ZTZ22Z“++’‘.
~.
---.+ A>%”*L u C7’<L====-+,9, ----...=___.....--’— ., 0

—

.-
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—



6 ~AC.&TechnicalNoteNo. 925

The typeof skippingdescribedjntheforegoingpara-_
graphis very.differzentfromthe muchmore gentlemotions
thatmay-oocureitheras a li~t recoilfrom the landing
impact’or“asa differencebetweenthe attitudeof the
flyingboat whileit is in the air and the attitudeit
assumesi?mnedi.atelyafterlanding. Any tendencyto re-
coillightlyor to skipmay be readilyobservedin the
wavepattern in the Wake‘ofa “flyingboat.

u

.-

Skippingcharacteristicsappearnot to be affected ,
to any importantextentby normalvariationsi,nloading,
flap settihg,or headwind excepti.nsgfaras the trimat
landing‘i.saffect-ed. .. ..,,.

Yawin”gInstability ..

‘ Yawinginstabilityof?flyingboatsmay be encountered
at eitherof two speedranges. “At-:-speedsnear the hump
speed,multienginedairplanesexhibita tendencyto yaw b
and may not be controllableexceptby use of rnor’epowe~
on one.s.idethan on the other; “Thisyawing:teridency td
disappearsafter“theflyingboat‘begin?to pianoon khe .
forebodyduringa“take-of’f.’“Athigherspeeds,nem the .
get-awayor “itiediatelyafterl~fiaing~dangerous

rl z+
awin~ay.~e..en the ying boat is alLowed otrm

7 t= ,~~w~.‘ Thishigh-speedyav:in,gmay be associatedwith
,“ low-angleporpoi.sin’~and hay sometimes.lehd to a water

/
loop inthe re,gion’ofspdedand tr~ shownin fi ure

‘2- *-4 ~~--:</4+u .#%.&ZL Adi. A-AU.C*=44 ““>& ,

Variationsinthe loadingof.fuel,cargo,an&’per-
sonnelare likelyt-ovary thepositionof the,centerof
gravi.ty.suffic!iently:tohave an’imports.nt.ef~ecton the
porpoisingcharaoteristi.cs.,’F%r.allpractical.purposes,
the efi’ectis merelythat”due”toa variationin the trim
assumedby.:theT-1yingboat. ‘Thiseff.ec.tisshown in
figure--~;in w.hich’trimis plotteda’sa.functionof speed
f’orfourIoctitionsof tihece-nterof grav$.tyan@ for two
positi~n&.ot?the e.levatbrs”.‘Trim.”l$mfts”are.includedand
porpoising;is indicated’when thp trim is outsidefhe-stabl
range.: &!ithth&_.center_g?gravityunusuallyfar forward,
and to .e_n-Eo—G-%ep.=.t-hq.air.planeis more likely.-----

“totrtm.belowthe lowerlimit
V-singlepo~poisin.f=fj.-f=-fiu-~a

}e~c::: :z;*%-~*’*”’’y+:$:+?ticg?:~x
e

t In general,however,more likelyto t

.e

—

-- -
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sufficientele’vatorcontrolis availableto offsetthese
tendenciest,oa.large.extent.

N,umerous,investigationhavebeen made of the way”in
whichthe locationQf the centerof gravityaffectsthe
stability.characterlsttcs. Figure~.presentstypical
results.to,.showthemaximum amplitude._ofany porpois$n~
that occunredduringtake-offswith elevator’either-full’”
UP or neutraland with“theflapsdeflected20°. ,.For‘-”;:
example,no porpoisingoccurredwith ei,the”rneutralor ~ ““
full-tip,elevatorwhen the centerofgravitywas anywhere“
betweenZs.,!+hnd”~,2(percentmean aerodynamicchord. T-h6
stablerangeof”center-of-gravitypositions,however,
wouldbe considerablyincreasedif the el-evatorwer6de-
flectedup or down as requiredwhen the centerof gravity
was,respectively,fprwardor”rearwardof 30 percentof
the mean aerod~amic chord.

A.com~aris,onof figures~(a) and5(b) showsthat
~fie‘stabl’&ran~e of locationof the..centerof Kravi.tyis
greater.~or the lip>t~oad thanfor ~he.heavy load>

.,
~ecauke~f~ap~“ha+.6~a-large‘e~fect‘o~-the tritiof a “-

flyt-ng,bqat-jthe stablerangeof cen~er-of-gravityloca-
ti.onv~les wfd:,,ly.with.flapdeflection. Figure6 shows:
t@..variationof qta~ler&Ge of the center-of-gr~vtty
Ioc,atiohwith flapdeflection. Foz%th$s.graphit has.
bebn”asqlxnedthat.porpoisingQf 20-inamplitudeis per-
‘tiissibleand.thatei.t~erneutral.or,full-upelevatormay
be usedi Theiperqi.sqible.foreand aft locationsof the
centerof.grav~tywere-t’henpl”otted.asa functton”of fltip“’
settin~; F’igure.6maybe used to show clearly.that .“
violentporpoi.s,i,ngmay occLu.as a resblt”ofUnintentional
changein flap deflectionprecedingor duringt~~e-’o.ff.
With the centerof gravity-at30 percentof the mean
aerodynamic.chord,apd:with.the f’1.spa:,dcim”m”,,the pilot
coulduse the,e.levat.or.at -y deflection.bet.ween.neutral-
and ,f~l up at any.speed..hzring,,the:take=off.and..the.por-
pois’@gjwouldnqverqxce@Z” in amp~itu@:. ‘Withthe ..
flapsa$ ~Oo,howeveq,excessivelow-angle,.porpoising.
would.b&kncoWter6d w,ith-neutral.elevator..~‘Withthe. ‘ .
flaps.at0° viblentihi@-ang~e,porpoistng’wouldresult :
fromthe:use.of full-~p..elqvq~ors.... :..!’ , -: !.: --1:.- .,. . ,,, ,., . . . .:+ . . . . . . . :.J3!!&.;,tl:iii ‘ ‘ ““~“’ ; .... .

boats.have””be&lostduring’ .
8t.k9_rnP&6d.,t&ke-ofts.tn.whjch,theflaps.were-deflected ~~..

. . ...
..

—
.

.-

.- —.
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considerablymore thanwas custo- .“ Officialaccounts
of theseaccidents’,varyin detailb’utresembleeachother
in reportingthatporpoisingoccurredduringattempted
take-offand-thatthe airplanebouncedoff the waterone
or more timesbeforec“rashing. Similar’Erdk~
occUgredin attemptedtake-off’swith thLtl_aQsJ.Xd&2
y“s-ijjK)osition but withthe centerof U-Y. W_u.?.u_a_\ly
far fe~vfard. It appearslikelythat,in someof these
accidents,low-angleporpoisinghad firstoccurred.md
thatthe pilot,in orderto recover,had followedthe
usualpracticeof applyingup elevatorand had thencon-
tinuedthe take-offwith”elevatorup, whichled to high-
angle.porpo.ising. ., -.’.”.’ .. .

TRIM INDICATORS

One difficultythathas limitedthe mactieal anDli-
cationof’infprmatl.o.nrcgar~i~g.the ef’t,ecis‘or.triti--~fi-L>
stabilityand on resistancehas beenthe apparentlack
of satisfactoryinstrumentsf6r,”indicatingthe angleof’
trim. The bubbletypeof inclinometeris unsatisfactory
becauseit is af~ectedby theforwardaccelerationof the
airplane. Ef~ortsto employa gyroscopewith a more
open scalethanusualhavebeenmoderatelysuccessfulfor
experimentalpurposesbut the inst’rmenthas not appeared
suitablefor routineserv”ice.“Sometestpilotshave used
a graduatedscale.madeby attachin~severalsuitably
spacedstringsto the wind s“c.reenand havp.readthe trim
from the positionot thehorizon,as seenagainstthe
scale;th,euse of the s“caleon thewind Screen,however,
requiresaccuratepositioningof the pilot!seye with
referenceto the scale.

Anothertypeof instrumentthatmakesuse of the
nAtural.horizonis shownin figures7 and 8. This
instrument;-the NACA trimindicator,consistsOf lenses
Andmirrorsarrangedsomewhatl$kea brilliantfinderon
a camerato focus.qnerqctimageof thehorizon on a .
graduatedscale: The accuracyof”thereadingsof this
type of instrumentis not affectedby the positionof’
the pilot!seye. The ma~”other dutiesof a pilot,
however,may preventhim fron devotinga Greatdealof
attentionto any formof trim indicatorduringtake-off .
exceptduringtrainingand,f~iliarizationflights. In
many casesit maj thereforebe convenientto locatea
trimindicatorin frontof the.copilotor anotherobserver,

,.

.

.-

.—

—

.

—
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who couldeither read aloudthe trim and airspeedor note
deviationsfrom a prearrangedsc,he,dtile,o~”tr~ and a>r-
speed. ,,.. —.. --..., :, .,, ,. ,..:

.,, .

.-S.tabilit~.-,Q&cause’ofthe-ha~tirds””asqocl.a~<d.with
porpoising,it,appearsthat”a pil,ot!s;trainifigshould” ~.
includesome-experiencein’taxyingon”c’ah”water.to&c.-”-:
~l~rethe stablerangeOf ~r~ Of ~:”f~yfng,b?qtthti~”i~
pew tohtm. ~ A simple.q.nd.,rapidproce’@re+”i~to ac$el-”‘“
cratethe aigprq”fi’e-”?j~cklyto somepredetermined.p”lal!iZ%g:
sjee,d,for example,.50 @ots,...— and thento thr6ttledoWn“~-
,theengineseno.ugh..~omaintaina constant,speed. ‘“The ‘::
con%”ro~ay then be pushed,.forwa~dfpom the..;—W“:
neutralpositionVery.Rraduallyand‘deliberately.—

~t~~..::~:
low-angIl+e,p Wk@n,the,porpofsfngm,,.,...~s:m:dG-13YEite”l$. it build” p toa:”f
daruzerous: 61tin-matisb~pulled “~~-

%hr”lower““‘
limit-a’n~~sTii&”~Eeases..-,A.simil -—,ar.procedurerna~ .“;

subsequentrun to.deterrn~nethe umerli mitsbe i.i~~fi’~
by “pu~~~n”~~he.con{ro~col-~,back‘gra”duallyf>~fithe:”j--
neut.~alposi,ti.onuntil:~igh-a:ngl.e,porpoising”aPPears...:-.
The onsetof ,hi’#+-angle:po.bpo.isingmay appea~.a’”;ah.-”:::.
‘oscillationmainlyin heavewith“verylittlerocking ‘“
motion.. In thelow-angleporp.oisingthe.,moti~nw>~>
likelybe ,differe,~t,.and an .o.scillationin.t“r.irn.’may-bethe
firstindication.tQthe”p~lat”thatthe.10WB.P.trim.”lf+ifi...:
has.beenc,ros.ae.d:. :. ~ . .. ,~.:~~.’jh‘--...,~.:m

...- ..
-.

,.

ciw.&’i.w3-..Qut’d~z..3+@G-w’:
~@.ty ~i&r “forward,or,’.:“Aate FI

“rearward.of’.~titerme::d’ia~e.p.ositions,,in-order‘&orth-ej“pilot”
to o~tainR sufficien$rangeof v“ariatio”n:.@ trim.~ l&Y’~-

gr&wi_ty●~
specificdes”ignin towing-,basintests-~f-“dyn~.i’cmodels :
and in flighttestsof &e airplanebefore’i’tis “ac.ce.pte”d:““
fo.r:service..~Fromthis informationcharts.9j.y+ilar.to
figures:3 and,-4c.otild.be.prepRredfor th$.p“qr-t<cti”l~rafr,=
.pl~ewith the load to “beused im the“’f’smil,iarizatio~“ .,
“tests...?With+arts qf thistypeas a,jguic@7,~e pilot .
couldex”plore”the stablerangeof tri”msin threeor four-
differenttaxiruns at severalconstantspeedsranging

.-

..-.

. . .

.-
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●
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from thehump speedto.$he high~stspeedconsideredsafei
Onlyih exceptions.1..case$,woulq.i.tbe safqor o.fany .
valueto exploreeitherthd upper”or”the.lowerlimitsat .’-
speedsnear take-off.~ At speedsbelowthe stalling ,
speedit is a relativelysimpleand safeprocedureto
closethe throttles.ar+ddiscontinuetherun at any time
thatthe porpois~ng”appearsto begettingout of contnol.

“Resfst.anne.:.,.Ithas longbeenr.eco@iizedthatthe
timeand.distance.requiredfor the take-off’ofa flying
boat.wiljbe.V-qqecessarilygreat ii’the trimis notheld
as close.+tiothe best valueas.isnossiblewith.thec.ontrd
nor~ally.~avai~abl~‘tothe pil~t.‘ At thehump“speedflyifi
boats.~$equentlytrim~,”o~ore abovethe best.trimj., .J...-,......=.-.
The.el.eva&sare usuallyeffective”invaryfngtihe:trim
througha rqhgeof.?smuch’as.~”at the.hmp speed.whe~ ..
full poweris app.~ied. ~~ $o~lowsth&tddwneleva.~r.“j-—=.——--=.-m...----—— .
shouldbe used at”fihehum

,__..——

.howatier;A~jwn”
speed-in’mostcases-,:

“spee~” g=+y..m@re th he htip’sp’eed,
elev_~tor..shO~l~-6—USed wI%hii on because“it.maylead
to,low-anRleporpoisin.g.,At”h_lghe&planingspeedsthe
elevatorsare more effective,wd no”generalizationcan
be made regardingthe.pos’itionof the–eltivkto”r”srequired
to obtainlow resistance.wlthcmtpoipo”lsing.- The.gen-
eralizationcan‘bemade,however,that;tHebesttrim,
referredto the f-orebodykeeljfour& ~lar&e”ntiber.af’ “
flyingboatsnow in.service~oesim~ vary-gre”atlyfrom
an averageo~-abo”ut“6°throtighoti”tthe-p’lahing”’range.

,, ...
The prac$ice”ofrockinga se&planeat.dnd.n~arthe

h~p spe’H?3~~’ffies re~ort~~td in am effortto reduce
th?rvuzm—~ im~nd &~ on the step. There does. n5t”’-“~pp’a=a-ito be any reasonwhy rocking’shouldlowerthe
resistace..or,assist.~~.gett$ng,on.the stepexceptthat,
in the .coutise..Qf “bath..roc,kingcycl’e,thettrimof the
airplanemay app-r.eachor cros”sthebest value. In.the;
shortiptervalwhen the,trimremainscloseto best trim
the resistance.w~il”lbe near_amini.mumand the airplane
willbe:accelerate-dmore than ~?J-thetpi”mhad‘beenheld’
continuously.a,tsombhigher.valtie.A much betterresult
couldbe obtainedif “thetrimwere“li”e~~-..
near~b “Ie.t.othe best-tru,-.-.—
“ A.sa ~ough.~ppq~xfma~lon,the rni,nimuntimeandd~a-

tance“forta.ke-o~ftiithoufiporpoisinghay reobtained
if thepilot (a)holdsdown elevatorat speedsapproaching”
and includi& t-he~~p speed,(b)maintains.the .trh.as..... -,.:

—.

b“

“.- _
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low as is practicalwithoutporpoising.(butnot lower.
thanabout6°) f’ora short“rangeof speedsabovethe
hump, (c)maintain~about6° trim throughouttheplaning
range,and (d)is carefulto avoida pull-upbeforea
safe,flying‘speedis reached. At,speedsbelow thehump-
speedany advantageto be gainedin holdingdown“elevator
may be outweighedin many cases.b~adverseeffqotson
thebow wave and on.the spray. . ,. ,,

,.

CONCLUDINGREMARKS ...-*
..

$everalprecautionsshouldbe takenby thepilot of
& flyingboat of conventionaldesignin orderto take off.
in the leasttimeand distancepossibleand at.thesame
timeto avoidmuch.ofthe dan e“rassociatedwith per- “-
poising,yawing,and skipping5 The discussionin this
paperwas limitedto take-offand landi~-ificalmwater,
but thefundamentalstabilitycharacteristicsalso apply,
in a generalway, to operationsin roughwater. The
importanceof porpoising,skipping,and yawing,ascom-
paredwith the importance“ofthe waves to be encountered
in any particular,instance,however,-must be evaluated
on the basisof the personalobservationand experience
Or tha pilOt.. Subjectto the&e.restrictions.thefol-
lowingprecautions’and proceduresare Suggested:,
— ,..L...- .....

,1.”-- ““””- - ““Preliminaryto flyinga.-boat;”-thatis new”tohim,
the pilotshouldhave availablefor studyinformation
regardingthe trim limitsor stabili.ty;”.theStablen&@6’.-
of the cen”terof gravity,the skippingcharqctegisti.ee,
and the best trimsof that“particulardesign.U . :. .

—.

. .

—

-

.----
,.

..-.

2. Consideration“mustbe’given to spnays’{rfkln~
the pro_p%lle~and othe~paintsof the“airpltid. Withi”n
this limitationthe elevatorshouldbe he,-lddown at spe”e’ds
approachingand including..thehump speedin orderto pass ,
the hump with a mi~i,mum:of waterre~i.stance..Rockin&.o~ ..
a flyzngboat.to.get on.t@estep is Unn”ecessaryandis
in generala lessefficienttechni.que~thanhppL~ingcOn-
stantdownelevator.

3. At speedsslightlymore than the hump speed,
low-angleporpoisingwill occurif the flyingboat i.s
allowedto trim too.1ow. Abnormallylargedeflections
of theflaps or unusuallyfar forwardpositionsof’the ●

centerof gravityresultin a tendenc,yfor theflying
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boat--to trimt,oolow and causelow-angleporpolsing.
When the tendencyoccurs,it shouldbe correctedby
applyingup elevator..

4. As the speedis increasedwell abovethe humg,
excessiveup elevatoror attemptedpull-upbeforea safe
flyingspeedis reachedshouldbe avoide~to prevent
high-angleporpoisingand skipp@g. High trimsalso
resultin excessiveresistanceduringthe high-speed
planing.

1-5* Abnormallylow trims (possibly3° or less)
shouldbe avoidedat speedsapproachingget-awayand on
landingto preventlow-angleporpoi.singand groundlooping.

LangleyMemopial,Aeronautical.Laborator.y,-~~
NationalAdvisoryC.ommittee:forAeronautics,

LangleyField,,Va. ..
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Figurel.-Typicalsequencein theporpoisingof a flyingboathavinga grossweightof
50,000pounds.
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Figure2.-Skippingof a flyingboatnearget–auay.
speed,75 knots.

Grossweight,50,000pounds;
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Figure5.- Variationof amplitudeof porpoisi.ngwith location
of the centerof gravity, Flapsdeflected20°.

40

.

o
20 24 28 32 36 40 44
Center-of-gravitylocation,percentM.A.C,
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